-state batteries and other electrochemical devices. 1) Amor phous or glassy materials have several advantages from a viewpoint of ion conduction in comparison with the crystal line ones: a wide range selection of compositions, isotropic properties, no grain boundaries, easy film formation, and so on. 2) Because of the so-called open structure, the ionic con ductivity of glassy materials is generally higher than that of crystalline ones. 3), 4) In addition, single ion conduction can be realized because glassy materials belong to the so-called decoupled systems in which the mode of ion conduction relaxation is decoupled from the mode of structural relaxation. 5) Amorphous or glassy materials are thus the most promising candidates of solid electrolytes with single ion conduction and high ionic conductivities. We have developed a number of amorphous based solid electrolytes from the idea that they are especially favorable for ion conductors, using two unique preparation techniques of glassy materials. One is rapid quenching of melts using a twin-roller, in which the cooling rate is larger than 105 K/s. 6) Using the rapid quenching of melts, it has become feasible to extend the glass formation range with large con centration of carrier ions. 7) The other one is mechanical milling of starting materials using a planetary ball mill. 8) This procedure is basically a room temperature process and useful to obtain fine powders directly used for solid-state secondary batteries. 3. Structure of lithium ion conducting oxysulfide glasses prepared by rapid quenching of melts Lithium sulfide based glasses are one of the most promis ing candidates of solid electrolytes utilized for solid-state lithium secondary batteries. 17)-19) We have prepared a varie ty of rapidly quenched glasses in the systems Li2S-SiS2 -LixMOy(LixMOy: lithium ortho-oxosalt) and showed that such oxysulfide glasses with small amounts of LixMOy ex hibited high lithium ion conductivities and high stability against crystallization. 20)-22) Here, reported are the struc ture of the Li2S-SiS2-Li4SiO4 glasses, one of the typical oxysulfide systems, by means of MAS-NMR and X-ray pho toelectron spectroscopy (XPS) measurements and the rela tion between the structure and properties of the glasses.
Glasses were prepared by rapid quenching of melt using a twin-roller. The starting materials were crystalline chemi cals of Li2CO3, SiO2, Li2S, and SiS2. Figure4 shows the com position dependence of conductivities at room temperature and Tc-Tg for the (100-x) (0.6Li2S• 0.4SiS2)• xLi4SiO4 oxysulfide glasses prepared by twin-roller quenching of melt. 23) Tg and Tc are the glass transition and crystallization temperatures, respectively, and the difference between Tg and Tc, Tc-Tg, is one of the measures of glass stability against crystallization.
The conductivity at the composition with x=5 is around 10-3S• cm-1, which is a little higher than that of 60Li2S• 40SiS2 binary sulfide glass (x=0). Such a value of conduc tivity at room temperature is one of the highest conductivi ties in all the lithium ion conducting solid electrolytes deve loped so far. The conductivity monotonically decreases with an increase of x when x>5. Tc-Tg has a maximum at the composition with x=5. The addition of 5mol% Li4SiO4 in creases Tc-Tg and, hence, improves the glass stability against crystallization and also enhances the electrical con ductivity of about 10-3S• cm-1. Further addition of Li4SiO4 decreases both conductivity and glass stability against crys tallization. the Li2S-SiS2 system was shown to increase Tc-Tg and im prove the stability against crystallization and to keep the conductivity of about 10-3S• cm-1 at room temperature as shown in Fig.4 . The structure unit in which silicon atoms are coordinated with both sulfur and oxygen atoms have never been observed in any crystalline compounds. The glasses containing this structure unit are thus expected to be difficult to crystallize, and consequently the glass stability against crystallization must be improved in the glass with small amounts of lithium ortho-oxosalts. 28) We confirmed that the precipitated crystals from the oxysulfide glasses with small amounts of ortho-oxosalts exhibited no such a structural unit shown in Fig.7. 28 ) From a viewpoint of lithi um ion conduction, bridging oxygen atoms work as a weak er trap of lithium ions compared to non-bridging ones be cause the electron density of bridging oxygen atoms is smaller than that of non-bridging ones. Therefore, the con ductivities of the oxysulfide glass with 5mol% Li4SiO4 are as high as those of 60Li2S• 40SiS2 glass as shown in Fig.4 . 10 and 40h. The first charge-discharge curves of the cell with the corresponding oxysulfide glass by melt-quenching are also shown in Fig.10 for comparison (denoted as "gl ass"). 36) The cell using the oxysulfide sample milled for 3h can be charged, but not discharged. The char ge-discharge curves of the cell with the samples milled for 10h, are similar to those of the cell using the melt-quenched glass sample. The average cell voltages on charge and dis charge are 3.6 and 3.1V, respectively. This result indicates that the milling period of 10h, under the present experimen tal conditions, is enough to construct an electrochemical cell which shows similar properties to that using the melt-quen c hed glass. 
